We show our experiences with the use of a 6Fr Cerulean DD6 (Medikit, Tokyo, Japan) catheter and represent the availability of DD6.
Introduction
In recent cerebral endovascular surgery, especially in the cerebral aneurysm embolization field, various adjunctive techniques are utilized including balloon assist, stent assist, catheter assist, and coil assist, 1) and fine and reliable microcatheter operation is also required. Microcatheters, balloons, stents, and coils used in treatment have also been modified, but when strong vascular tortuosity is present inside or outside the cranium, the treatment procedure becomes difficult and unstable due to the influence of resistance during passing devices. The use of a 6Fr large-diameter distal access catheter (DAC) with which adjunctive techniques can be concomitantly used has recently been reported as a measure to solve these problems. 2, 3) General large-diameter guiding catheters are placed in the cervical internal carotid artery, whereas 6Fr DAC reaches the intracranial internal carotid artery and it is superior in supportability, contributing to improve intracranial operability of microwire/microcatheter. In this study, we verified the placement procedure and its safety and benefit based on our use experience of 6Fr Cerulean DD6 118 cm (Medikit, Tokyo, Japan), it's available in Japan.
Materials and Methods
The subjects were 17 patients with anterior circulation aneurysm treated with 19 operations of cerebral endovascular treatment at our facility between May 2017 and October 2018, and two patients with posterior circulation aneurysm treated with two operations between May 2018 and October 2018. We planned to place DD6 employing the same procedure described below in all anterior circulation cases regardless of the location of the aneurysm throughout the period described above, but DD6 was not used in one patient due to vasospasm not involving DD6 which occurred when a guiding catheter was placed. In the posterior circulation cases, the DD6 placement procedure was introduced after adding the safety acquired in the anterior circulation cases, and DD6 was used in two consecutive operations.
The 21 operations were performed under general anesthesia in all patients. For the approach, the femoral artery was punctured in the inguinal region on either side. Using an 8Fr long sheath in all patients, 8Fr Road-Master 80 cm (Goodman, Aichi, Japan) was placed in the common carotid artery on the treatment side as a guide in the anterior circulation cases. In the posterior circulation cases, it was placed in the subclavian artery near the origin of the vertebral artery and connected with a T-shaped connector.
For the inner catheter of DD6 118 cm, a 4Fr Cerulean catheter 135 cm (Medikit) or 4.2Fr FUBUKI 130 cm (ASAHI INTECC, Aichi, Japan) was used, and a mandrel was adjusted to add an angle shape larger than 90° to the about 1.5-cm tip. The mandrel of DD6 was formed by wrapping with double loops around a shaping needle attached to ASAHI CHIKAI 0.010/0.014 inches (ASAHI INTECC) wire followed by heating at 140°C for 45-50 seconds using a hot gun ( Fig. 1A and 1B) .
Using the above catheter as an intermediate catheter of the triple coaxial system, Radifocus 0.035 inches guide wire (Terumo, Tokyo, Japan) was inserted in advance. No connector was used between DD6 and the inner catheter during insertion. The inner catheter was inserted to C3 in the anterior circulation cases and V4 in the posterior circulation cases, guide wire was positioned at the inner catheter tip, and DD6 was slowly inserted while adding a rotational torque. Success or failure of the procedure, the placement position, kickback of DD6 at completion of the surgical procedure, and the presence or absence of procedure-associated complication were investigated in these operations.
Results
Of the 19 operations performed for anterior circulation, the disease was internal carotid artery aneurysm in 11, anterior communicating artery aneurysm in 4, distal anterior cerebral artery aneurysm in 3, and middle cerebral artery aneurysm in 1. In the two operations of posterior circulation, the disease was basilar tip aneurysm and vertebral artery-posterior inferior cerebellar artery aneurysm, respectively ( Table 1) .
DD6 placement succeeded in all patients. The placement position in the anterior circulation cases was Fisher classification C3 in six cases, C4 in eight cases, and C5 in five cases, and the technique employed was balloon assist in 11 cases, stent assist in 5 cases, and simple technique in 3 cases. In the posterior circulation cases, the placement position was V3 in one case and V4 in one case, and the procedure employed was balloon assist in one case and simple technique in one case.
No kickback occurred after operation in any patient, and no vascular dissection, vasospasm associated with placement procedure or complication, such as blood flow delay, occurred. 
ACA: anterior cerebral artery; Acom: anterior communicating artery; BA: balloon assist; IC: internal carotid artery; MCA: middle cerebral artery; PICA: posterior inferior cerebellar artery; SAC: stent assist coil embolization; VA: vertebral artery aneurysm and emergency coil embolization was performed on the same day. At first, 8Fr Road Master 80 cm was placed in the left common carotid artery. Then employing triple coaxial system using a 4Fr Cerulean catheter placed in C3 with a 0.035-inch guide wire advanced to the tip of it, and DD6 which had a 3D shape by a hot gun (Fig. 1B) was inserted slowly while adding torque. Due to this technique, DD6 could be placed in the C3/4 portion of the internal carotid artery although the patient was elderly and the artery was strongly bent ( Fig. 2A and 2B) . The aneurysm was located at the left A3 portion of the anterior cerebral artery, the maximum diameter was 5 mm, and the neck was slightly broad and rode on the ipsilateral callosomarginal artery (Fig. 2C) . First, Excelsior SL10 preshaped 45° (Stryker, Tokyo, Japan) was advanced to left A3 using CHIKAI 14 and then Scepter XC (Terumo) was advanced to and placed at a site close to the aneurysm using the buddy wire technique. After that, the SL10 was placed in the aneurysm. Axium PRIME Frame 3 mm × 6 cm (Medtronic Tokyo, Japan) was selected as the first coil and it could be inserted in the aneurysm with a favorable framing shape by coil re-windings and adjusting the position of SL10 in the anteroposterior direction. Finally, embolization was completed with a total of four coils of 14-cm length (Fig. 2D) . Because DD6 was placed in the C3/4 portion, support of the microcatheter was favorable, the standby of a micro-balloon catheter for an adjunctive technique and the emergency.
Discussion
In endovascular treatment of cerebral aneurysm, not only simple techniques but also adjunctive techniques, such as balloon assist and stent assist, are used in many cases. In addition, the outcome of endovascular treatment of the micro cerebral aneurysm has been occasionally reported. Fine adjustment of microcatheter operation is required to perform safe and reliable treatment, but problems with deflection of catheter and accompanying jump up due to bending and tortuosity of the parent blood vessel are of concern. Improvement of the stability and safety of intracranial device operation by the use of DAC as a coaxial system has been reported, [4] [5] [6] but to apply the adjunctive techniques described above, a 6Fr or larger catheter is necessary. In western countries, several types of 6Fr or larger DAC are now used, 2,3) but in Japan, at present, only DD6 is available.
DD6 has a structure with five-step flexibility, so is a Cerulean catheter, and it has trackability and supportability. In addition, the inner lumen size is 0.072 inches, being sufficiently wide enabling application of adjunctive techniques, while having a 25-cm flexible tip length. However, when the bending of the region distant from the carotid canal was strong, it was not easy to further advance it into the distal internal carotid artery. 4) To make it follow beyond strongly bending regions, we not only employed the triple coaxial system using 4.2Fr FUBUKI but also modified DD6 by adding a sharp shape as described above.
procedure was smoothly applied although the aneurysmal site was distal, and stable embolization of the aneurysm with an irregular wide neck was possible. Case No. 21 Patient: 66-year-old female.
The patient was urgently admitted in August 2018 for subarachnoid hemorrhage H & K Grade 3 caused by rupture of basilar tip aneurysm. Sedative analgesic management was continued and coil embolization was performed on the day following admission. Although the right vertebral artery (VA) was bent and tortuous from the origin (Fig. 3A) , 8Fr RoadMaster 80 cm was first placed in the right subclavian artery, then DD6 shaped as described in Case 1 could be advanced to the right VA V4 segment using triple coaxial system with 4.2Fr FUBUKI in which 0.035-inch guide wire was inserted (Fig. 3B) . The aneurysm was a micro cerebral aneurysm with a maximum diameter of 2 mm. Using CHIKAI 14, Transform 3 mm × 5 mm (Stryker) was advanced to the right posterior cerebral artery (PCA) so as to position it close to the aneurysmal neck, then Excelsior SL10 preshaped 45° was placed in the aneurysm using CHIKAI 14. During the placement, CHIKAI was positioned at the tip of SL10 and the direction of SL10 was finely adjusted using the rotation torque of CHIKAI (Fig. 3C) . Target 360 NANO 1.5 mm × 2 cm (Stryker) was placed as the first coil and then Barricade Coil complex Finish 1 mm × 1 cm (Century Medical, Tokyo, Japan) was inserted, and embolization was finally completed with a total of two coils and 3-cm length (Fig. 3D) . This case was rupture of micro cerebral aneurysm requiring finer microcatheter operation and its stability. DD6 placement reaching the distal VA without kinking was useful to enable not only easy access and accurate operation but also the hemostasis may also be necessary because a large-diameter 8Fr sheath is used.
Conclusion
It was suggested that effective use of DD6 employing the placement procedure utilizing the triple coaxial system and shaping contribute to improvement of the safety and reliability of intracranial microcatheter operation while improving problems with access, such as strong bending and tortuosity, and enabling concomitant adjunctive techniques.
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Using the procedure, slow insertion of DD6 while retaining supportability using 4.2Fr FUBUKI and 0.035-inch wire and adding torque to the shaped DD6 in the direction corresponding to vascular bending, it was possible to reach the distal parent blood vessels, such as C3/4/5 and V4/3/2. When bending and tortuosity of the major blood vessel are strong, or the patient is tall, DD6 may not be advanced into the distal parent vessel due to the limit of the catheter effective length. So the modification is necessary, such as the use of an 80-cm guiding catheter, a T-shape connector with a short full length, and so on. About DD6 placement, first there was no kinking of the parent vessel due to the flexibility of DD6. Then the procedure: pushing DD6 while adding torque is unlikely to load stress to the vascular wall because of the bending of the tip of DD6. So it may have prevented complications, such as dissection and vasospasm.
Chandran et al. reported that kickback of DAC occurred after the procedure, 2) but no kickback was clearly noted in our study, clarifying superior supportability of DD6. DD6 itself acquired a 3D shape due to the shaping and had a fulcrum, being stable, when it was placed in the distal blood vessel, which may also have contributed to the supportability.
Regarding the safety, in a study using the triple coaxial system, no procedure-associated complication occurred. 7) No complication was noted also in our facility as described above, but the use of DAC may lead to complexity of the procedure and air embolism and thromboembolism. Moreover, it has also been pointed out to be a risk factor for iatrogenic internal carotid-cavernous sinus fistula, 8) to which sufficient attention should be paid. Since vascular injury causing internal carotid-cavernous sinus fistula is likely to occur during guiding DD6, when resistance is strong and kickback of the guiding catheter occurs, unreasonable placement should be refrained from, and we stop advancing and place it at a relatively proximal site in our patients.
Reliable placement of DD6 in the distal blood vessel was possible using the triple coaxial system and modified placement procedure, clarifying its contribution to stable microcatheter operation and achievement of adjunctive techniques. To prevent the related complications, thorough perfusion of the inner lumen and atraumatic catheter operation are necessary, and consideration for postoperative
